This study aimed to find whether a patient placed on an anaesthetic machine could contaminate the tubing resulting in possible cross-infection to subsequent patients. Twenty randomly chosen anaesthetic circuits were collected after use during operations and cultured for bacteria andfungi. These were compared with ten circuits which had been washed and dried. Another ten washed circuits were attached to an anaesthetic machine and each circulated with air for four hours before similar cultures were performed. No accepted respiratory pathogens were found contaminating the tubing in any of the above situations. Cleaned circuits purposely seeded with either 'viridans streptococci' or staphylococcal bacteriophage were attached to an anaesthetic machine, the other end being held over an air sampler to collect organisms which might be blown out. Seeded tubing did not contaminate the air passing through it, demonstrating that dry anaesthetic gases do not facilitate pick-up and carriage of microorganisms.
When a patient is attached to the breathing circuit of an anaesthetic machine, how much of the machine and its component parts are contaminated by the patient's microflora and does the possible contamination pose a danger of cross-infection to subsequent patients using the equipment?
The current literature on the subject is confusing, partly because respirator circuits and anaesthetic circuits are often incorrectly seen as being the same. In some institutions the breathing circuits of anaesthetic machines are disconnected and sterilised between patients, in others the circuits are washed and dried between each case, while other institutions advocate use of bacterial and viral filters on the inspiratory and expiratory lines. There are some institutions which do not treat the circuits in any way except changing them for a cleaned set at the beginning of each operating session.
With an increase in the prevalence of human immunodeficiency virus (HI V) and hepatitis B, and the movement of these diseases out of the 'high risk' groups, Universal Precautions or Blood and Body Substance Precautions are necessarily being introduced to health care areas. All patients must be considered potential sources of infectious agents and treated similarly. This new situation means it is no longer logical to use special methods on known infectious patients and simpler, less reliable, methods on others.
Of concern are the comparative costs of using in-line filters in the anaesthetic machine tubing or of completely replacing or sterilising the breathing circuit between each patient.
This investigation was undertaken to determine the need to treat the breathing circuit of anaesthetic machines between cases.
MATERIALS AND METHODS Sampling procedure to determine degree and type of contamination of circuit tubing:
Sterile saline 100 ml was poured into the tubing of the breathing circuit which was then plugged at each end with a sterile rubber bung. The saline was rinsed up and down the tubing fifty times before being collected for culture. Approximately 50 ml was recovered on each occasion.
Cultures of the rinsings were made by placing five 20 ~l drops onto the surface of each of the following media: Horse blood agar (HBA), MacConkey agar (MCA), Saboraud agar (SCG) and also 5 ml of the rinsings into brain heart infusion broth (BHI). These were incubated at 37"C. A duplicate set was also incubated at room temperature. Further HBA and SCG plates were inoculated similarly and incubated at 30"C. Plates were left incubating for 72 hours before the colonies were counted and the organisms RESULTS 
identified.
A: Clean circuits Breathing circuits tested: A -Ten circuits which had been washed in a Zexa anaesthetic washer (Norris Engineering, Sydney, Australia) and left hanging to dry in a drying cabinet: Clean circuits. B -Twenty randomly chosen circuits collected after actual operations. The length and type of operative procedure was also recorded: Used circuits. C -Ten clean and dried circuits were attached to an anaesthetic machine and circulated with air for four-hour periods before being sampled by the sampling procedure: Machine-only connected circuits.
Circuits seeded with bacteria:
An overnight culture of 'viridans streptococci' was prepared in BHI broth and used to seed two clean, dry circuits. The 5 ml overnight culture was mixed into sterile saline 200 ml, divided into equal volumes containing 10 7 organisms/ml and poured into the two circuits whose ends were then stoppered with rubber bungs. After agitating the culture up and down the tubing fifty times, the fluid was drained out and the circuits hung to drain for 20 minutes. These seeded circuits were attached to an anaesthetic machine and run for three periods of five minutes each with the tubing outlet held over a Cassella Slit sampler to collect any 'viridans streptococci' which might be blown out of the tubing with the airstream. During the last of the five-minute sampling periods, the Magill bag was squeezed rhythmically to mimic actual use of the machine. The anaesthetic machine was set to deliver 5 litres/minute and the slit sampler was sampling at 26 litres/minute. At the completion of the sampling, the interior of the ends of the tubing was swabbed to ensure the presence of viable 'viridans streptococci'.
Circuits seeded with bacteriophage:
Two clean and dried circuits were seeded with a culture of test virus, Bacteriophage-55, containing 10 9 plaque forming units/ml in 100 ml of Luria broth (L-broth). 100 ml of L-broth culture was poured into the tubing and mixed thoroughly, and then left to drain for 20 minutes. A lawn culture of Staphylococcus aureus 55 was prepared on several plates of L-broth agar. These seeded circuits were attached to an anaesthetic machine with the procedure and flow rates identical to the bacterial seeded trial. At the completion of the sampling, the interior of the ends of the tubing was swabbed to ensure the presence of viable phage. The swab was vigorously shaken in 2 ml of deionised water which was then filtered using a 0.45 Ilm disposable filter (Millipore Waters, Melbourne, Australia). Twenty III drops of filtrate were cultured onto a lawn culture of Staphylococcus aureus 55 for evidence of phage viability.
'Seeded' circuits
The samples of air collected by the slit sampler from circuits which had been seeded with the bacterial culture of 'viridans streptococci' failed to grow any 'viridans streptococci' over the sampling period. A swab of the inside of the tubing at the end of the sampling time showed the 'viridans streptococci' to be still present and viable.
The samples of air collected by the slit sampler from circuits which had been seeded with the bacteriophage culture failed to yield any plaques over the sampling period. A swab of the inside of the tubing at the end of the sampling time showed the bacteriophage to still be present and viable.
DISCUSSION
Three situations were studied: clean circuits attached to an anaesthetic machine with no patient involvement (Table   3 ), clean circuits attached to anaesthetic machines and used on patients (Table 2) , clean circuits dried in a cabinet -no patient involvement (Table 1) . The type of flora and numbers isolated from samples taken from these situations were similar, suggesting that patients do not contaminate the tubing during use ( Table 2 cf. Table 3 ) and the washing procedure which was used only sanitises the tubing, leaving the Gram positive and fungal flora in the tubing (Table 1 ). Supporting evidence that the patient does not contribute directly to the flora found inside used tubing is gained from the absence of 'viridans streptococci' from inside the used tubing, as these organisms are common respiratory tract organisms. The Pseudomonas species alcaligenes/ testosteroni ( Table 2 and 3) isolated were most likely present in the hospital environment. They are often found in medical equipment and associated with wet areas encountered during the connecting/disconnecting of tubing. Patient number (2) had both Pseudomonas aeruginosa and maltophilia isolated. This may have been due to patient carriage and direct airway contamination of the circuits but equally likely due to contamination on handling the circuits in theatre during collection. Even in actual use in operative procedures, when the duration of anaesthesia was 15 to 360 minutes, we were unable to detect respiratory bacterial pathogens in the tubing as likely to have come from the patient, Similar results have been reported previously by Du Moulin and Saubermann I and Feeley2 whose findings suggest that patients rarely contaminate the anaesthesia machine with significant levels of bacteria regardless of the duration of the procedure. It is worthwhile noting that 'viridans streptococci', generally considered harmless oral commensals, were not present in any of the twenty theatre-used circuits. However, as other authors have reported that contamination does occur, we seeded the tubing with 'viridans streptococci' and staphylococcal bacteriophage and tested for pick-up of the seeded organisms into the air stream for delivery to the patient. We could not show that the gas stream was contaminated by the seed organisms, These findings are in opposition to those of lenkins and Edgar. 3 In a similar study, they isolated skin and nasal flora, such as diphtheroids and Staphylococcus epidermidis, from anaesthetic tubing (6/22 volunteers). They used volunteers who either breathed or coughed into face masks attached directly onto anaesthetic tubing. In only one instance (1122 volunteers) did they find Staphylococcus aureus being carried by the oxygen passing through the tubing.
C: Circuits which had been connected only to machines
The skin and nasal flora can probably be explained by the close proximity of the facemask to the Y-piece. Currently most patients are intubated with an endotracheal tube, and facemasks are rarely used, being reserved mainly for short operations.
In a separate study, Nielsen, Vasegaard and Stoke 4 found in very small numbers 'only nonaureus micrococci' which were picked up and transferred by the anaesthetic gases, these being microorganisms of low pathogenicity and possible contaminants.
An anaesthetic machine, unlike a respirator, delivers dry gas such as oxygen, nitrous oxide or air. A respirator delivers moist air -either humidified or moistened by nebulized fluid. This is a significant difference between the two types of machines. It is generally accepted that microorganisms need aerosols or particles as a 'vector' to move about.
We have shown that there is no apparent contamination of tubing with patients' microflora. Furthermore, we have shown that in the very small probability of such an occurrence, there is little risk of this contamination being passed on to the next patient by the gas stream. 'Contaminated equipment presents a risk to the patients only if the contaminating microorganisms are actually transmitted from the system to the airways. '5 Because of the technical difficulties involved in working with viruses and the possible health risks, we elected not to use them in our study but to use bacteriophage.
Hepatitis B virus has been shown to not be disseminated into the air during dental procedures, but to be present on surfaces around the patients, presumably because the particles on which the virus is travelling are heavy. 6 The inability of the 'viridans streptococci' to get to the airstream makes it also unlikely that any viruses deposited on the walls of the anaesthetic tubing would be resuspended at a later time to travel with the inspired gas.
However, it is emphasised that any part of the anaesthetic machine and its component parts, especially those which contact the patient, for example the facemask, will become contaminated with a patient's microflora. Consequently these articles must be accepted as contaminated and a potential source of microorganisms for staff to transfer by contact to that patient's entry sites or those of others. Aseptic techniques are still vital at entry sites to the patients.
Any droplets of moisture which might have emanated from the patient will have a chance to condense in the tubing. This may then become a source for contact transmission to the next patient if not removed or if the tubing is raised above the patient level allowing gravitational flow of free fluid back to the patient. We therefore suggest the use of a heat/moisture filter before the Y-piece of the anaesthetic machine tubing to reduce patient Anaesthesia and Intensive Care. Vo/. 20, No. 3, August, 1992 moisture entering the tubing and condensing to produce a significant amount of free fluid. The use of this type of filter will prevent build-up of this fluid. However, this filter will require changing with the endotracheal tube, and any attachments on the patient side of the filter, between each patient use. We believe that the use of circuits in this fashion is both cost-effective and also safe.
